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S (54) Tide: FACTOR PARTICIPATING IN TRANSCRIPTIONAL REGULATION 

~ (54) mnozft: &wmmzM$tz>®* 

(57) Abstract: I -I DART binds to HDAC (histone deacetylase) and functions as a repressor. Also, HDART directly binds to Skip, 
00 which functions as a transcriptional coactivator of a nuclear receptor, to inhibit the transcription of the nuclear receptor. More- 
00 over, HDART can bind to 1 ID AC, which is one of transcriptional corepressors of a nuclear receptor, to thereby strongly inhibit the 

transcription via histone deacetylation of HDAC. On the other hand, a dominant negative peptide of HDART is obtained and it is 
JJlJ confirmed that this peptide activates transcription on the contrary to the full-length HDART protein. In particular, this peptide is 
^ superior to all-trans retinoic acid (ATRA) in the activity to activate transcription of retinoic acid receptor. 



©(57) MS: HDARTI*. HDAC ( t X h >Bt7-fe*JHbB*) L M ?U V*f- 1 LTSSTf *fc, HDART 

^ i> 0 *blC. HDARTl4^rtU«tr^^-(Dg?uU^U^^-(7)1 O-efcy, HDAC £ $S ci L HDAC 0) t X h>Iift7 
Q •fe^JHblc«kySfi*lc(B5*W*JL#*. -f5. HDARTCOKS^Vh^^-f^^Kt^bti. Z<D*Z?=f- K 
^ li^^<DHDARTtc^^^ <Mtlii2lc$n¥^Sf4^Sc£$t^lgUfco ftlzco^:^ KlCcfcSU^/'T >K 
Hr?* — <DC¥Ste<btBI*alI-trans Retinoic Acid(ATRA)*±Isl4?Stt^ ^ LT l>fco 
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mmm 
m^mmzm^-rzm^ 

^mmum^mmm^mzm^, mz, mn^iv^yv^z-fcumLtcM 

15 ^>M©M^£(-ci:D^^mb$n^c z\(Dmftu±7?-frt>fc^m 
mzm%mmz\tu72^-$-^uyyvyv-£mtnz>£<(Dmi'fim 
Sfazmfo b xm v>x ^ £ $ nx v» « . u # > h tws^ uw&i^i/ 

CD-^iJiLTttSkip (Skiffi5M^>A°^^ v N-CoA62 tbffiZftX^Z) 
VKofrMfll/irT 0 ^- (#!l7Lkt k*^>3 Hr.7°^-, 

(Baudino, T. A., Kraichely, D. M. , Jefcoat, S. C. , Jr., Winchester, S. 
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K. , Partridge, N. C. , and MacDonald, P. N. (1998) J Biol Chem 273 (26) , 
16434-41. MacDonald, P. N. , Baudino, T. A., Tokumaru, H. , Dowd, D. R., 
and Zhang, C. (2001) Steroids 66 (3-5) , 171-6.) 0 

5 mmm* 

±Mvfc£.D\z.^ to - zft u tdm-<Dmm * * ~%2±<Dmmm % 

10 *^B^e>«> va^va^AxcDcrn (crooked neck) itfc^Dfcb/}^ 

3?Axcrn»£r?g#:k3u MM^^M&mTm*<Dmmu^MzteZ>mfc=?- 

15 m\z&W*R&tz:£i)m£ZtiT^% (Zhang, K. , Smouse, D. . and 

Perriion, N. (1991) Genes Dev 5 (6) , 1080-91) » crn ^>A°^K© 1 ^©ffi 

ftfcfflm. mmzjjfatmzntzT-b? h u u^j- hes (tpr) ©ho 
3t-mr5i:t'e*5. TPRK, w^STjiaisn, m 

^Ja£^£:|W|#I4<E>3 4 75 7mra ; E^-7-Tr£fe^o TPR ^>/\°£K^T« 

1f«J$iJ, *5J:^>A°^M^ji^^n^ (Lamb, J. R. , Tugendreich, 
S. , and Hieter, P. (1995) Trends Biochem Sci 20 (7), 257-9) . 

±IBcrnii^©t:h^n/7*t^ □ tf-tScd&t^T 1 5 trnteZtftBi/ 
a ^ya-^A'l crn itfcT tmm\z£$k(D TPR #Iifgi«£>^ □ 

25 -^>^Lfct: h crnmeTWM^$nT^§fe^fcMjlLfcte¥^DNA 

mmzm$?z>?>wn am) ^-ntfe*^ (Yoshimichi 
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Jounal. Biol. Chen. 275:34931-34937) t—Wc?Zb<DT!&Zifi* ^i^lf 

?mmts hdac (t^h>RT-fe^;wb»*) RUg^buyi/yu— tisxmm 

tZZLtifib* rHDART (a HDAC associated repressor TPR) J 9 

Ofef^T^f^-^-ilTiitS Skip fcttfiM6£U TOHr7°^-© 

l/y-tf— OlOT&tU HDAC tfe^LHDAC©kXh>JKT-fe5 1 ;Wbfc«fcDgi* 
tcte^Wb#§^it)BJ&^}cbfco HDMT® F^>b*#7V:/ 

fe*Bbfc. ~?ut>%. *mwm, mm®mit\mw\sitn*omm\z.&3 

(1) *^«^«JH^n-HbfeDNAT3b^T, (A) BE?Wf2K 
E«C!>75y«E^«*r*^>/«^K*ii-]«L/fcDNA, *fctt, (B) K?iJ 

15 1 fcEfc<Z>£SB2#l*>&&<5 DNA 

(2) *^^^»JH^$3-KbfcDNAT^oT> (A) IBWf 2 

^/*fcn#jn$nfc73 y »E*j*=rr** >/^r&3- h t& dna, t-& 

« (B) 1 tSB«©m«i3^e>^§ DNA £X h U >5?x> hfc&#T 

20 T7W 7*U ^ Xf « DNA 

(3) «0J«±f3 (1) (2) fcB«©DMfcJ:D3-H$nfc*s^ 

(3) mm®^mm®=?r-foz,o 
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F Ltc DNA> £tz\t (B) @B?iJ#^ 1 \z&tf% 1 rt> <~> 537 &S£-e®&K@a» 
e>&5DNAT&3o 

( 6 ) #5gS8KMB^£JStefcLfc*^7 , ? L F£3- K Ltc DNA TfeoT, 

(A) EW#^2te*W*1^6 179ffiO75y«E?0fc*ViTl*l/<tt*ft 

^7°5F- K Ufc DNA, (B) I3?|J#^ 1 klfctt* 1 d>5 537 

STfOiMfiE^ DNA £A h U >^x > h&&fTFT7 W 7* U ^ XT 5 
DNAT&&, 

(7) *^Bj«±fB (5) (6) B«©DNAfc«k0 3-F3nfcfeTO 
10 ttfb^T^FTfc*. 

(8) *56Wtt±IB UK (2) 4 (5) (6) ©^m^fclBIRGD 
DNA © 5 1>, < t h 1 5 * ? Hfi£:£T 3 DNA 

(9) #3giJli«±E (1)^(2), (5) (6) ©V>m«»fcBB«0 
DNA a«J¥A£nfc^*-T?&*o 

15 do) *^bj«±ib (i) , (2) , (5) (6) ©v>fn*>KE* 

©DNA£fc«±fB (9) fc|B*©^^^-*«j#-r*1&^«HlftT?»S. 

(11) #569m±E (3) fcEftOB^&fcLhE (7) KtBitt^T^F 

d2) #589m±E uk (2) , (5) (6) (D^?nfr\z.mm. 

20 o dna ^A-r t* yy<xu 4>ft< i<b lOS^Utf^K****-*, 

d3) ^hbj&ot© (a) ~ (D) ovi*rn^3&JH€*nfc»sT?*«. 

(A) ±E (12) fcE*©# U =f* 7 1/^^ 1 H 7°n-7 

(B) ±E (3) (4) £Eft®e?ttllHH?« &b<&l£B^©gK#^ 
25 7°5f H 

(0 ±E (7) fcEKUDteSfittfU^H, feb<«M^7^F©g|5^7 
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?F 

(d) ±i3 (id \zBmom& 

^sbm^zmmzwiwrz :hat (t7h>7-fe5 i ;i/h7>x7x7- \£&tz\z 
5 \^xh>T^)]/imm) , hdac (txb>r7tf7- tfsfctttx h>mr 

t^Mmm) > DAPI (4' , 6-^7$yV2-7iZJK>F-Jl') , RAR 

(i/^y-r>mnry^-) , gr (^mrnji^rw Ft^y*-) , dbd (dna 

^F^-f » , AD (?£ttftFpW » , ATRA (all-trans Retinoic Acid:<£F 

10 *mw\z, m^mmzmtzm^zmrz, zo^mwim^iz^ 

K»^2^£>&3 0 fiU *^BJ©te¥ffiJ$iJH^S2^J#^2fCWB«(DHDART 

15 tc*3^riSb<«iiic<7)T5yM^«> #A*«tix/sfctt#jpsn 

fc75/BfcE#l££T£*>/^SS> S&fcfck HDART F bfc DNA (@3^J 

±12 HDART 9 >/\°# Jt&> tMHlB©*rtTf5Bai/TVi*J:t^6, hh« 
£^tfn« HDART *rtft«fc58SbW*E£#W6;fl>T»<5 293 M£fflV>3 

©St tfcl) 7 77 'J -7^ ij - - (Molecular Cloning 
25 3 rd Ed, Chapter 2, pp. 2.1-2.117) *5-ifl»ftRj& (PCR : Molecular 
Cloning 3 rd Ed, Chapter 8, pp. 8.1-8.126) 8ff£fUJS UT^ESSTSCt^t! 
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J^Mfctt, HDART £3— K hit DNA 0881** 1) ££&-£•©-£&£ 7° 
DNA >A7R££j&ts £ £ t «k d i#*x?«. c iTH6ns 
5 CfcUVwfc^PS'-fck 4>&<£*>40%EiLt, ^*L/<«60%^±, ££(dff 
S6te#*b<tt*l>&<£t>97K£U: (0fl;tfc£, 98**5 99%) ©itSlB^J©- 

io *ftW3ti:aftT* -^jibT«> 25%*;pa75F> £<9jIcL 

V^#T&50%*;UA75 H\ 4XSSC, 50mM.Hepes pH7. 0, lOXx>A;i/h*§ 
i& 20 /t g/ml DNA Sr^tr Arf 7' U ^-f if- v a 42t;T 

-RftT'WW^Uy'fif— >3>^ffo^ fiCi$Lfc7 0 P-7£l&!}PU 42*C 

-e-M&u?% z. t\z& o A-r 7u ^-tf-v a - twmvfznzo 

15 *©»©«s»fc*Jt*«s^«*«fci;fia*#e, lxSSC> 0. IX SDS> 37"Cg&T?, 
. J;t)Hl/Vi*#i:l/Ttt, 0. 5xSSC, 0. IX SDS, 42*C@ST\ $^HiL^# 
0. 2xSSC, 0. IX SDS, 65'Cg«7?^JI1" -5^i:d«*t?#-&. £tl£> SSC, SDS 

20 SB^JO^Ov-^ BLASTn (Mk^JH ^BLASTx (75/^L"<;W © 
7°P7*?A (Altschul et al. J. Mol. Biol. 215:403-410, 1990) £*iJfflbT&£ 
t^utTO5o RtW^AKJ:, Karlin and Altschul K<fc57;KJUXA 
BLAST (Proa Natl. Acad. Sei. USA 87:2264-2268, 1990, Proc.Natl. Acad. 
Sei. USA 90:5873-5877, 1993) fc3fr3V*TV>*. BLASTN lick oTMffi^J?: M 

25 W'TSS'&Kitt, ^7^-^-tt«^.tf score = 100, wordlength = 12 £T£. 
BLASTXfc«fc^T75/KS2?!IS««f-r**^K:tt, A?*-^-teMx. 
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fc£ score = 50, wordlength = 3 if*. Sfc, Gapped BLAST ^D^7A*1^ 
T> 75y»EW*«Wr*«^tt, Altschuie, (Nucleic. Acids. 
Res. 25:3389-3402, 1997) KlfBifcSftWSckS fcff 5 21 BLASTS 
Gapped BLAST yp^9A*MVi*«^K:tt, #^^^©77*^ 

(http://www. ncbi. nlm. nih. gov. ) . 

rtT*n«±E3fe3E*d^&SATT5y|feE?!I*ttift^UTt>«tVi 0 £©A&l$ 
{C7$/@£I2^J£«T5#&«, 09*fc£, &»©#Sn?»* deletion-mutant 
f£Si:£&, PCRfe, site-directed Mutagenesis ^;i:fc:j: DUffTS 

c^T«$nfc^>A°^M^\ hdart tmm\z, &^mmmt% 

±IB HDART SfcttcnK:IS(HLfc^>/1^Ha, ±SiL£iI 
^»JBfa*HTffl^T^$jfll0J$f#§ o <&U £©«£, HDART 

DNA«r#flift*bfcv>fc», $f^b<«, dna ^mm^m^^tzm^ >n 

#MtLT%^ZZ.ttf£\,\ HDART ttlfflACfcUfcUfcWU HDART tt 

HDAC*U^;i/-M/Tk^ h>JKT'fe5 t ;WbfllttK:J:e)l|^K:*g¥*»lWb# 
3, *-©£«>. *^HJ©fe«©J@Ttt, HDACt^tffl^T, i&SWiHDAC* 

mmtzzt\z&)om^*y9M-?2><ith-v%2> 0 hdac tc^^-r ^ 

I (HDACl, HDAC 2, HDAC 3) t&'f 7 11 (HDAC4, HDAC 5, HDAC6. HDAC7, HDAC 8) Offi 
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fttZCtifitoZtlT^Z. *SSW©HDART«HDAC2» HDAC5, HDAC7, HDAC8H 
tm&TZ>b<Dt^?LP>nZ>Z.tfrt>, *%W\Z&^T\Z, HDAC2, HDAC5, 
HDAC7, HDAC8 ftffiifcttfflf Z>Z.£tfXt2>1A, £*l&© HDACfc#K:|fi5£3tl 

s*)©-m&<, ^71 *fcttiiK:*T*vii"n©HDAC*ffl^*ct5&«Rrie 

5 Tfe-So 

HDARTttWl^-fey^-<D^^OTJb#^^<h^6, *^BJ0K¥» 
WH^fc «fc OWfflb^Ste^SEi: bTte, SfJIfcKfcKrt I/-fe7*-£frb*Mg 

15 tffi#5, ^M-r^HMMT^TJ: , 5tw, HDART«l/^/-T>^l/-fe 
20 *^BJ«±fBfeW^J@^^3!-KU^DNA fcWfS. £© DNA £bT«, 

mfez & ©Taft < , ±5* b 2 fcfB*o 7 5 y ^ib^j * n- l? b 

fc DNA, 1B^J#-^ 2 £I2«©75 sm&Mz&KX 1 ^b < KHggc©7$ 

25 □ — H Lfz DNA, *«ktffiB?!l## 1 fcffilRO&SBai^&fcS DNA £X h U >>? 
x > hfc£#TT/W 7*'J ^-f XT* DNA fcZifi&SZtlZ. 
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±ia dna \t, k#i## i izmmo dna t^it\t^<D^^n-^it\t^y^ 
Tc&?\z, tbBm<D^mm) ©cdna?-t ^u-fc^s/vf^u^if 

-va>*fc«^U^^-if»S^ (PCR) \z£Vnz>Z\ttf~a%Z> B te©# 
5 mtLTte. t h«©mRNA^MtCfflV^ lfcfBtfc© DNA ©-g££ 

7°^-f x'-iUTRT-PCR (Molecular Cloning 3 rd Ed, Chapter 8, Protocol 8, 
pp. 8.46-8.53) \Z&QmZ>ZthT*ZZ> 0 ££Tte, h h«^Jt^ 

10 ±13 DNA^^n-->^T§^^^fe, DNA£j«£cJ;9SE?iJ#*f llCgB 
«©DNA £^tt-6n£$U 7--'J>^$tT«LT%iK 

±13 DNA te^M H^ft3-HLTVi*ca:^5, £ ©te^MJfH M 

±13 DNA iffl&&W£'<.>7 $-*m HTMfflSf^W^) 1t& \Z\t. % 
f\ ±13^* A U E©teimft£i&*-r*. cniciD, 
teifflllSF f gT«±l3teW$ilS^^M$n^. E £T^*-£«fflifcK:»A-r 

25 Ct#?t5. 

±13 DNA tfffl^&iin&B^? »flrt*<5VsH:ffl#rtcD3fa© 
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f§W©e¥»WH J Ptt^T?'b<£3fiflliBI«tt*56»U#*. fib, HDART 

* n t k «k t) , hdac * u 7 h 2 -frT^^^ $ s tia < mm 

10 #5891© DNA HSnfcte^«I«H?tt*rtH:^-Ote^*» 

rcfemBftv^zp-tLTfe, mx.it. vyuwvx^!?*-, 7tV7< 

;V7^77-> 7?JW&0<)\'7,^Z5-s V2i/-7V'()VZH7?-. V 
15 yj-ty'UVWi?*'-. '\frlM4)V7s'W9~-* >7^77-> 

#^te$fc^MH^©-5^ ±l3i«rat^^fS^bb#^^7 0 5 1 K£ 
.t>HTS. HDART te£AT&n«, <B¥«lft9H?^l/T««ilT*^ HDART ©H 
20 5^>h*#7V 7*^7^1^ il;g?gttftSftbTiitl.. £©F5 
±>h*#x^7^7°5PK£0J^f6<^ N*«©4:3©TPR (ETF, W4TPRJ 

&75 ^wer**!"***?^ h*£«>* c tafi-ezz. 
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±ib -r> 7^7°^ Fomufo, mm&% i ©5 % i ^ s 537 s 

±IBE^JS#lCD5^1^6 537 *-e©«ISaB5yfc^ 
5 ffAfcitf/SfcfcttJn) £fln*.3 K DNA £»^7^ H^T^il 

5fc6Hffl^-5Ci^t5„ ftfc, «Mfc*LfdID, HDART ® N4TPR « 

10 2-tr3fc«6£ffl V>£ £ £3&*"r#5. Skip 

09*.tf, 71^7^-, 7';ion;HP:j 

*^BJ©^7 0 ^H^^tt<kU#^rairl/^y't'>xVir 

±IEN4TPR fC«fcS V^J^>mVK7?-<Di&Mm&fcm&. ATRA 
^tt^f^DfeKV^i^^r^^m^T-^^nTl/^o ^©fctf), Sift, 
ATRA fciSI/fy-OiUt 7** - ©te^iStetefc «fc * BMMU EtoW&MSk 

20 eJi*!m^tt>fffaHlfi3jB(0kimo, M. et al. , (2002) Front Biosci 7, 204- 
18), lpma5(Zhang D. et al., (2000) J Cell Physiol 185 (1), 1-20), TOIfl 
Jg(Schmutzler C. and Kohrle J. (2000) Thyroid 10 (5), 393-406), 
(Niles R M. (2000) Nutrition 16(11-12), 1084-9), M (Riecken E. 0. and 
Rosewicz S. (1999) 10 Suppl 4, 197-200) #T^Mffl$tlM«6T^0, Z. 

25 © ATRA ATRA <tffi£itT, *^7^ F£fflV>3 £ 

*$9Jtt, ±iEMg3fSttflsffiSrrs^7"5 L KS3-KbfcDNAKBSrs. - 
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<D DNA t ITU aftWfctt* W*m%2\Z.&VZlftt>mtiL<D7$JW8Sffl 

frzfcz^y^FZn-FLtzWL -mtVTu, m&mmfrz 537 m*£ 

t®iiE5iJ^ 6© DNA £3§tf 3 ;m£|5g£$n& *>©-?«£ 

znrcr^ ymmm^rzu'?- pzd- h bfc dna, £fcteie?<j#^§- 1 k& 

1 537ffiX£T©i&KIB?iJ;^&3 DNA tX h U >yx> h^f#TT* 
/W T'U XI" 3 DNA C 

10 vrc dna m%.\& c d t z 

DNA'&^ttlfc.tO^USIjKbT'b.kVi. 

»SR»fc«fcoTjil:aiRTSCi:36«T?#*. EOte^-IBIR&fck in vitro, in 
rivom^-fn^h^o in vivo%<DWi%\z\?L, ±KDNA#»*i&$nfc$S3I^ 
^^-«CiAl, M^^*T^^<ttJ:0, fWflSrt^ga&^ttffc;^ 

20 ±13 DNA £Mifi*&ttfi#:|*iK:#A LT-tKte^Sttfl;^:/^ F 

IMl^^Cft ±fEDNA£it^ IB16lWK:#AUH$«K:f8S*fc« 

±j$L£jID> KTOttflS^^Htt, ATRA©«k5K:3itt|iaKZ)^b«|J»* 
25 &fcj£fflL#3fca6, fi^SHtft^^KSttSEffl^Sftfctlfc, #DNA£H# 
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5 EJL±©iItK *»W0fc^iM«H«3-FL&DNAtt, N Ft, 
& DNA \zm<TZZ.£KL£V ±Ete^«ttfl3^^ F S 3- F bfc DNA fcgfeg U 

^ F * p - F Lfc DNA «:3 6 KM^-gB? 7^>htLT%, U € 

- i/ a > ji 7° p - pcr 7* 9 u ^if-f j*mm# tLxmrntzz. 

#38Wfck #fg0J©DNA (#lxJ;f, S^I##1K|B«5©DNA«) iA-f 
7*LWXU ^fe<tt> 10 Z{7Vtt\*&&G'rz*Vtti7V**\*7u 

-7&m®i?%o mx\z, z\ v Ltc# u * 7 vac* f t vx\z, mm&n 1 izm 

15 «©tfiSE#lJ&>e>fc£ DNA *fctt*©**Mlt^ftWlCAi' ^ XT&&© 

S/3>)WiftK:£Cfc^ir£§jKft"r*. ±137*0-7% 7"5-fT-tt, &?*P 
8§!IB^§£p- F bfc DNA ©7 p-n>7*%(iWr-5 £ 

fcWT*. #fi§BJ©*n;#te, ±«3te^»«B^ftoKJ«^M;^7"^F£#» 

Wfcjte^L#*t>©Tf»n« 4 #U7p-±;i/ft#:> ty^p-tjvw^f 

h^M£iSi;t7D^ >h7yaA> h<f£fflfcU «»©*ftte«k 0 

±T?*aE»«©*i8jiii^6jiiii»si5iJR-r* c t k: ct o mar* ^wts. - 
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JUST & RC« KfUfflT* - 1 ifi"C1S % ffi, ©Mlftrt Icfc ft 4 te^ffllfHHT © 

5SM£fcg^»wMJrT*fc£©B«nr, *fc»K^«iiaffp*iairr*i«i 

mn<D DNA ©583K«ttlft«rtfT* £ 

#*U^!B«IK:*3VvrBu £T> GMtt) *>6*5Mi© DNA (0g*«, 

IH^iJ#^ 1 \ztm<D ML *fctt-t©«»DNA1B*) £itiHT£o &^Tr, & 
15 DNA <hA-T ^-f XT* 7 * HXn-^H^^.tlfca&ESfflJfrs. 

r/n-^CA-f 7>J y-TXbfe DNA StfefflTS utCiO, *^BJ© DNA ©583B 

Km saw?* 

£©«fc"5fc;£*fc£bTtt, DNA 7 &^#J^T# £ 0 (M) 
20 ©DNAtttt©Mttfct a*#fc3»O^Fj*T?ff5Jlt*«T€r*. RDNAK**©ii 
§SS©# £ 1/ l^tUSfc^Tte, «^ £>tttH DNA &a£teli»T£ C t 

DNA £A-r y-f XT* 75 -f V- ^T, m&fo DNA SUM Lfc PCR « 
CJ;oT*fgW©DNASiS8!T5J:^t)RlffiT**. WSIUfc DNAKttfcKk ft 
25 gfcjSCT, S^#fc^©^tJ;oT^tB©fc«?)©«^SSTc:t^T*#*o 
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mj&ZtiT^Zo mi$Z\ftt>0) DNA (non- porous) ©X«©SjS£7° 

>J>h2n&. X«©^SK)u M« (porous) ©n, 

*^bj^^V^T> ^l/^FOSjt (7K) :££<hUT, Affyietrixtt 

^F©7WtcfeV^T, rtU^^l/^FMa^lM^Un situ)T 
£j&£ft£o photolithographic ©Sflf (Asymetrix tt) » 

$7R£@^2-fcr3fcJ6©-r ^v^i"; h (Rosetta Iupharmatics th) Sfl^fc J; 

u rf^ # u*? Ho-f >ik ^oL^^Kfcfti e. nr*5 o , v>m©&ffi 
&*>©T&ntf> #c«mssn*vio bpsk^d-:?^ m«> 

fB*£©DNA ^WaWtc/W7*U^XT*<t5^7 , P-7* , r**. .WftW&A'f 
^'J^X«i&nH 7 7l/^Fyn-7*«, #fgBJ© DNA fc*tU ^ 
20 ^JCffiM«T**ifc»i»:Vi. 

*fgWfc*^T2&Rk:te^$-&S^^^^F7"n-7*©SStt, Wist 
U^K*H3rr5«^tt, iiS 10-100 ^-7.T&D, £F£b< «10~50 ^ 
-7>T&D, S6K:#*U<tt 15-25 ^-X-e&S. 

25 ±|B>?7V^5 1 H7 0 D-7*tMU DMAttft*A-f^U^X*«*. A-f 7*U 
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7<D%tsm<ommmiz& d^i&us -f®mz%m%\zm%i(Di5mz & K>n 

DNA 7K C^^TH, -j&WHT^-r F^^7>^@^Lfc DNA ^7°a-^i^ 
-#«*0^Jt/LfcDNA£*-^.y h^V^ 0 tot, MK@££n 

10 3 0 ±|B#&chLT«, WAtf, DNA7W& (SNP *fc«H©«, &W§C» 
-•fflHi£, *lkmj£. P128-135, Nature Genetics (1999) 22: 164-167) mtfm 

©^WN^Kt^T^^cD^ £fcteHDAC H#fb£-^©7^ 

*^§BJ© HDART ^ > A ? Rtt, © HDAC ^ >/\° 7 z. tfr £ , 

HDAC mmt^OTsZ U -->^(C^ffl1-§ H £>&*T£5 0 <£ 0 
*^BJ© HDART ? >;^l^EffigSl;|^t5 -o<D®C;8* © 
HDAC %f£&Z^Z>Z\ttf-?%&. irOMMK®*©^^^;*-^ 
25 HDAC«tt£IWrs;i£f;:J;D\ HDAC Hmb£«7^ y-^>7*T5££;^ 
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±fB*£ U-->^fc < fcoT5t#2*i* HDAC mM<b&®<DMt\sT\** Bo 

ftimmmmnmm t vxm v> e. h u □ x * ^ > a * *t z t § = 
* & , #5ggn oD#i##H:fc $ nfcs^^r am ^ v -j t -t 5 z t %>twt?& %> . 

5 tre&s. 

10 -ran «fe#&©±iB£*'v x*;i^-®jR#t 
(EAM) S$»b, Ifcjifegt R*#*rtt (TOF-MS) SBfcjW}* Zt\z£.fy, 

ffif©DNA, t>b<tt^^HOS4R^©a€tt, Miafc&fcfcvvm, 

15 

01 tt, HDART «TPR (Tetra trico peptide repeat) 9y)\Z>mx$>K), * 
©*J&43«fctf«*©*^£©Wffi£3KT. HDART -WcWWifil^^l/^ 
TPR, Skip ^WfemW$M£l$ CRN ffiRte*l#ftj*UW$. 

20 0 2 tt, t h HDART £ k h CRN tOIH© CRN ffi^tt««©Jt«*^*r0"e*S. 

0 3&, HDART/CKN^>/t^»ra©»*fl5 i l»S*'r0*e»S. Z<D&WmU. 
GENETYX-MAC7°n^^A^fflV^T«^bfc (V7 htf x7HS8) . 

0 4 tt, ^*£fctel*H£ HDART t^*S kip tffiSf^ffl *ft*ttPMWfk:«k 0 

25 (A) ft* HDART Skip fc©*5^ffl**#fUfctif*S*T. 1 » 

GFP-HDART U-> 4 Flag-Skip ©#-, *fcli^->2, 3l*€-©Bf# 
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S 293 «ttrtT?38«S-e-fc. l/->5tt, fafe^*-£3»Al<Wfc^a > h 
□ -Jl/©«T^§o U->1, 2, 4&J;tf5«, jft-FlagjnftCJ; 

(B) teHDART t^*Skip ^©ffiS^ffl^WUfc^m^^To rtfcfc: 
PART Sfiy^r* 293 mm\Z Flag- Skip iifcteFlag-^v-^x? 

—tf (i^->2) %mA&. mmmmm^mus^^^m^^rc. 

HDART ^>7\°?K<DfggiTO (±IK/1^;W , ftftttftbfcFlag 

HDART (T«/ww TWBJ £LT*i-#i;#S/B^fc 

0 5te, Skip, HDARTM^>A^S±cDffiS^ffl^©|Wl^*^T 0 
15 (A) Skip ±<D PART IS^fcflffiMfcOTy If >£f. 7°^X ( + ) «, IW^-. 
/VT7U «y H^XxAKifcttS p-fly? hv^— tffiH4fc3l^#, ffiSl^i 

iR^:Wt>§§M^F/-fX TA; N5>*ettft; F*-f >. 
(B) HDART ±® Skip If IB#«±afc£|^»T?&5. 

* HDART j^MUMT* £ t *mt>f ? 7 T? & 5 . 

(A) HDART \Z £3 >KTfiH4ftSnfc<g^©«Stt#WaJffiilS*S^ 
To U#>K<W£TT£^7*- (1.0 Mg) £«AbfclS©CATi£tt£S*P 

25 -tt S. D. £^To 

(B) HDART fc«k*^;un3;^3>f Kettffc£gttfcte¥®*a^«£«JEE 
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H7tt, HDART Offlfi^S^tfllTfeS. 

(A) ftStt HDART $>/i?7'S.(DMtEi\u° £f !l/^M3:Jri HDART Ja-ffc (±J£) * 

&«fc«iMiLi* era) £fflv>fcft$m«ft^m£, 

5 t#ifi:i/fc«»te*Vt« DAPI Iftfill***^. 

(B) ^Mlfift'© HDART CDJifiEft;. He 1 a ifflJ&K GFP-HDART 3§5K^- (£ 
±) as&ttGFPfSS!^*-- (£T) &$A&©OTK:«fc5&ft&ft£«gSL& 

*<fc#Hoechest3 3 3 4 2&f»£fflV*R***fcl/&IB* Cfc±) £^ 

To 

10 H8», HDART ©gi^aynt-^WJffift^f. 

(A) Gal4U#-*- 0^>7i7-f) KS«*5r"r*NIH3T3IWlftfc 
&fc5*©Gal4 DBD-HDART^i|7°7X5 H (0, 0.1, 0.3, 0.5 jug) * 

fcS©Jk>7x7-«OT (100%) £LT. tojBfcWl^x?— feftt 
15 £SUfc„ 3 0©SmH^*©TOT^b, l5-/HaS.D. 

(b) iKos«ft&fflv>&ig*&jrr. 

H 9 », HDART £ HDAC £©e&«fcffiStfUB£^t-3MET&a. 
(A) HDART t HDAC 293 Mfc GFP-HDART 9-£ Flag- 

HDACs mm^Z*- ( ; HDACh l/->3 ; HDAC 3, U->4 ; HDAC4, 

20 U->5 ;HDAC6) tftn h7>X7i^'>3 Jrt FLAG St#*PftftiSfc» 

^«fc^*Snfcgi# (ffiFlagft#£fc«#LGFPSi#) fcJ:0M7*a>yf^ 

« GFP-HDART ©^#A$n^>y;V-eab§.. ±*&/WMaft#ifc» 
ffiOV>~f)V*m V>T GFP-HDART * >^^R©»9l*«BL/fc|||lft«-r. 
25 (B) HDART £ HDAC3 t©a»»ffi5^ffl**t*ili*Tr»«. 

Wi 1 0 tt, HDART (DMm\$ 2 31© HDAC IB&ftft ( h U n X^?> A, h 
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usjio iz&v^n^nwm (DwmtfmmisntcztZTfiT (c, d) 0 

HDART (DNm%ittzmz> 4Q(D TPR (N4TPR) © F5^> h^tfx^ 

(A) N4TPR ££&I*|H'I4 HDART t Skip £*S5f1sffl©im Flag-Skip i: GFP 
5 (1/->1) ?£ GFP-N4TPR ( 1/— > 2 ) tifi hy>X7x.t? va 

293 »!S©iffllfifflailS&Si Flag ffi#T?^lSEa»$-B:, C SDS— PAGE 

w»ufejg***r. T^©3^o/u;m -en-enftSJtKsnfc skip 

(±©) > rtStt HDART £J:tfN4TPR (TO) £^To ft&ftRffi® 

HDART ^ >A 2 » ©I8a «ft± ©— o (DA 0 ^;Hc*S ftT ^ & . 
10 (B) l/5 1 y-r>i?l/-t^-t^HLfe»^N4TPR{CckoT^tt'fbT^Ci: 

(C) i^nriJl^n-f HtfiHUfc<B^*N4TPRK:«fcoTflltt<br*^i:*w 

IU1 2tt, Whl-19-P«ttrtT©^/^>Kfc«k*^fl:II5B* HDART 3&<lfi$ 

ALfc!il-l-19-P«£ATRA (2mM) #&T, ^#ftTTOMi^$«?*T h 

3h7>X7x^>a>Lfc t GFP \Z 1 «fc 

BJRf*l/fc¥H (A, B, C, D) , ;&«fct^*B^SII»fcT^&#b£¥* (E, 
20 F) £^1% 

(A) ATRA (-) frO^^-^AU^T^k (B) ATRA (+) fr'D&IZ* 
-#Ait>^k (C) ATRA (-) fro HDART (D) ATRA (+) 
fro HDART mm^Z?-, (E) (C) £ra-^i?©ftfflM¥3t> (F) (D) 

GFP »tt«IBIfit»^ffi^Wfc^ft;bfc|ffllfi©WZr*&^'r. 4o©&£Ufc»tfr 
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TOScfctfS.D. fcLT«**nw* (Mock££ 

ATRA (+) T?©HDART©|HT?P<1^, xf a -T>b©tr^H . 



5 kt> *»wfcoviT, mmm^m^mmizmmt^ ^muzomrn 

rjU&0U] fch HDART ©*n-~>^ 

BLAST ^-X V^T *> a ^7 5? a 0 A*X crn ftfcTO th^n^t 
I?li©/jNAmRNAS*tb EST (expressed sequence tag)^n- 

>w52930 ©^feffiWftJfe«K:«V^bfc. *fcWc5'-RACEft (5' -rapid 
amplification of cDNA ends strategy) *-©cDNA©££ 
g# 2660 ***>&fctK -o©«Vs«*»*HAT^«Jltft«SEbfc. 

15 |) |^bijy^^'t^»:^^. rHDART (a HDAC 
associated repressor TPR) J HDART tt 855 7 ^ 

~^rtmmz\m^ntzm^yn^m^^ (Hi) . ns^siifis 
hdart * > a° \iym*>M*tm*>* ut v»« z. t 

SnW*. HDART*>/^ft©2 6 2»»*>S7 7 9»©W«> 

20 HDART fcfch CRN *>/t*KfcTittfc*#3nW* (HI, 2) . ftftOft 

&£<h£^bfc (0 3) o 

2] HDART fcfc^aT^^-^-Skip fcCifcRWfcffiEflsffl 
25 HDART±^#ft-rSVK^©TPR^t«B^> ttlfe TPR *^UT HDART 
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£©hdart tm^t^^y/^MommotMz, gp#y-/w7*u y b y7 

^Wmz\$, MATCHMAKER 7— A-f 7 1) y K^tff + y h 
(Clontech) £fflUT#iJSLfc. pAS-1^7:?- (Clontech) F^OT Gal4 DNAi* 
£ F*-f 3 £-5 £ HDART © ORF £*£#ALfc 0 bait 

5 plasmid te, HeLa cDNA v< 7? U - (Clontech) ^77 n-~ >^£nfc 
PACT2 prey plasmid ££ac, iry* n^*iz:;Hr;i/E:^x {Saccharoayces 
cerevisiae) Y190^K^Ufe. 1^775 F/O^AStlfc? o->©X7 

10 >^HfLfel^ -oteSkip <h-®ttTV^Co 

*?L»jWflgl^I-e© HDART <h Skip iWffiS^ffl^^WAWfcJ: 
fee £<DffilI£©fca6k:, 5fe?\ Flag-Skip il^^WN^M^^T^ Flag-Skip 
fg£K7 ^7-43 X IS GFP-HDART >A*7K£fgi,rf 3 GFP-HDART mt^ZZ 
-t (04 A) £HEK293 »;:Effectene*>7 F (QIAGEN) £ffll>Tb^>77 

15 n;7:>3>bfco.&&, OTJimibT, Flag-Skip *—<Dfr* GFP- 

HDART ?-<Dfr%mmm\z. m&ft~z h 5 >x 7 x7 > 3 >*fro £<, 

t'l^IA^rJV (Sigma #p 8 3 4 0) 1 0 0 1 ft^WTa NonidetP-40 
itl (5 0nM HJ7HC1 (pH7.6) , 1 5 OmM NaCL 5mM EDTA> 0. 
20 5 % Nonidet P-40. lmMPMSF) *T«*gfl?T3 ztlZ^X. iBlj&ffltti<ft 
(lmg) ilcDtt»£7>A7KA/Gir7 7n-XH-X4 0 ^1 

?t^bfc±t»tttHti^ immmnagfcfc&tcim&Mm(D-?vz igGm 

# (2/ig) i:*lC-r>^rzL^-hb., 4 0 /z 1 >;^IA/Gt 7 

25 7P-7stf-X<£fflViT3 Oftmfc&Z^rco ftmmm* 4 HI Nonidet P-40 
II»Tft&Lfco ili!r&bfc7>/\ 0 7St£SDS o~tV >W^7 7+trA/G 
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7*D7bffiO^#tlTH iriFIAG#L#M2 (Sigma) GFP ^ / 7 

^-;VS#7n->lE4 (MBL) £ffl^fc 0 

Flagi5i#£J;D GFP-HDART Flag-Skip I^*>A?K 
Wbfc (l/->2) o FLAG-Skip^SbTVi^V^#l!^ #l FLAG 
10 £ V GFP-HDART ©Mte^tlT (1/->1) , £&, llH4»0jftft£fflV^c 
»^fe|^«lfcaiRK««$n^ofc (l/->3) o HDART t Skip 

HDART ^^e»#Abfc Skip t(DWmm*mffiVtc 0 293 
« (HDART W^bTV^M) ^ Flag-Skip £fcteFlag 

h^>7>7x7^3>^6 2 4«tI«lllllStlit§iILfco ilMMM 
Flag Jri#:<M >*a^~ h UftsKM^To &. ^^#^fc«^tfc 

^tff(5DifflBa»tB^SDS-PAGE-esgib, ^y^vy\zm^htco z.<Dm-<o* 
y^uy^mm^w^rz\tm\aE^t^m^x^,m^nyT-^y^^m 

fcBM£*fL HDART ia^T^^o 5/ hbfc»^. **/WW^Flag#[#£;B 
^T^I$«^«FlagiJt#T^^n^ hbfc^*^, TS&A*;Ha#LFlag 
Jri#:^ffl V^T^»^(CtrL HDART fcxtiOr&S^n y h LfclSm^T 0 
04B(c*$nT^§J;5{r, Flag-Skip ^^bTV^^#{^V^T0^ 
25 iriFlag^TeART^mb (E14B, 1/->D > Flag-Luc *>A7K^ 

^uws&ft (k->2) &&z$®bhyyxy*?^3yisnT^t£^m 
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[«0iJ 3 ] HDART £ Skip t ©IS&1R* 
HDART fcOffiSflUflfcH-rT* Skip ±©fi«*Ty tf>^"f -Sfc&k:, Skip 
5 (N-*«Mfi« (3 H> 1-220) » ^fttf^^^Hg^ (NHR bindng, 3 H> 
221-388) > h7>77^f-f^-'>a>«(« (TA> n F > 438-536) ) ±© 

Gal4 DBD— HDART */BV>fc»#y-;W 7*U y WSWffcJ: t) HDART Skip 

10 r+j mmt /8-^5^h'>^— t?ffitt©7>r;^-u 7 KWfficfc Offish 
ftssjaufc. ^ne>^«, -0^97-1 19 ^s^-e^o, t> 5—^220-437 

15 SXl^TSofeo Skip © h^>X 7 £tV^-:> a >ft^HDMT £©!££•?£ 

mzit, ut/u8n*Lti\ f *z.tifi*ztv!t. mm<D7zrn-?% hdart ±t© 

Skipa:0ffl5^fflk:H#-r*flB«*#*r«fc»k:*lfitfc. TfcfcS, Gal4 
DBD-roART©$^^^^^»^#^^b, cn^Gal4AD-Skip tflUfl 

20 ^©TPR4"&trN*JBiS« (1-1793SS) tt Skip iOffiSffrflfc&g-HfrT?* 
S^t^^nfc (0 5B) . Ltzifl-iT, HDARTteN*»40©TPR«£ 
^LT Skip tjtgtfBSfPfflfa. 

mmm4] hdart fc.t*«rtMz:/*-fcjBHb&»^©fc¥«itt 

25 ±IBH»J££V>T PART tfi Skip tffiMl#5:t»nfc:td^» 

^tc, mms-tjf-KmmLizm^mmizft?* hdart ©ttniw^stos^w 
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(retinoid response element) ©T^tfc^5> ? >^^ — ifft/r^D^E— 5> 
(pTREpal-tata) t CAT AfcT £»&A,£ MR (retinoid acid receptor) V 

Hftlftfcte, HepG2«^RAR 1/^-^-7^7.5 HtlwIPfH, HDART ££S 
I^CfSSiT£pcDNA3-HDMT£Efiectene^;/h (QIAGEN) fc£D h7>X7i 
7->a>bfc„ pcDNA3-HDART^iI^7^-©«A*£^;LT(K 0.5, 

1. 0 /zg tU '&*©h7>77x7~>3 >©DNA:»£|W|— fcTSfc&tpcDNA 
10 ©£©^7^-Tl jttg^&Scfc-McMLfco h7>77i^y 3 >E ATRA 
(10~ 8 M) C9#ffiTS^«##ffiTT^W$^ ^©K£©CAT«£«£L 
fc. iffi^JH (06) ATRA WftTT©^? 0jig£#ALfc 

15 IH6A(C^T^5tC, CAT*§tt«£©^7^- (pcDNA) jWASft&IBI&Ttt 
ATRAfc«l:D5ffiF±#Ufc. UfrL&^e>, £© ATRA TBf**nfc CAT 
HDART fc«fc D»*tt#MK:ai«ISnfc. 
Z^ziffrnzDVJ-n^WtzfZ- (GR) fc«fc*te^fi|f|fc#T5 HDART © 

20 DD^a-f Hj«*tt7*D^-^0«9}gttflj«, HeLaM&itfl 0" 8 M© 
x+U-^ * 7*>&ft 0 fc&/B Lfe^*^vsT±fBl/^y -f >^ Mz7°^-f;:*f-f 

HDART ©*56^tt, RAR (l^3V< >ll/t^-) E0h7>X7^f^^ 

25 Htfc^©«ttte*«liWLfc: (06B) o nn5©fc*tt, HDART^|*|l/-fe7° 
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[mmm 5 ] m%mfa iz&wz hdart vrntE 
hdart mm^Mmizmm^tz c tifi^tstittftib. hdart «m«i*if;: 

5 □-^Jtl^^KU, ^n^r^^^t J: <0 HDART ©«ft<D^ft£$p#T 

ts*)t7U-j-)Umfc<DftMlZ, 5feT> ^MfT'His-HDART 
296-431) <Dmi$5>>WS.tLTm$iZlk, His <t^tt^-2> Ni-NTAM 
(QIAGEN) T-»Sgbfco ^His-HDART^A^Jf^lffic&^U 
10 t#6nfcStHDART^M^> ProtOn^yM (MPS) ^fflWc77^-f-f-^ 
□ T 7^ - fccfc 0 $ £ K«f»[U£. £ £T**»$nfcC7lJ-:Fffi HDART irE# 

ft&mz HDART ^JtT^HelaMtO^i^-hL, PE 
(Phycoery thrill) M^ifttflJ-^jffittt-f >*n.^- h UT, ftftgftjfefiftfr 
ofc. 3>hP-;i/»<hbT, £iJ-fjK HDART mmzRZT%.&m<D<5 

15 **jiiiiii*fflViTR«i©iif^ft3)iffufc. m<Dm&&wmztz>ittb\z, 

DAPI ^feffofec 

H7Afc*Snw*«fc3K:, *i HDART Jii#:&ffl^fc^aE^|fiifi«tt, DAPI 
efcO, HDART « KelamMomftUzmmWzmfELT^ZZ: tifi^tlft m 

20 7)0 

^#UTVi*IBIfiTfO HDART OJHft*«Wfbfc. Hela ftflfiK: GFP *fc 
ttGFP-HDART55S^^-*h7>X7x^5/3>U 2 GFP fc«fc£ 

«3t563t**fflbfc. GFP-HDART»IIISK::3lr*T«> ftSSIfc-fb-T^fc* 
£ Hoeches t33342 Wm&m UT-T >*^—> 3 >Sff o fc„ 
25 H7Bfc^-r«fc'5fc, GFP-HDART^^^-$h^>X7x^v 3 >bfc«T 
tt> Hoechest33342 gm 0&±/1*;W TSIMfcSnfcStfGFP fc«fcD3tftflKte 
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VT^zctfimmzntc (£±/ww . mz, gfp-hdart^ mzm&zn 

5 

[«0tJ 6 ] HDART \z ck S g $ttft$PfMttl& 

HDART jftJ«fc 0 ESW^WJafcH^-r* £fcJtbfc»£, g*ttft*pmtt£ft 
OT?&35C:fc# : P»£*l&. ^©^SSfltBT*^*^, HDART ft UNA 
S^-SfcftlC^fi© HDART cDNA ft Gal4 DNA IS^M (GAL4DBD : GAL4DNA «h 

io oib&gmofr&&%* m^mmmm^wtc^mm \zm^^ mmnm 

flgrtT GAL4 7o^-*^e>©te^ftWfl&b&*}&>ft#flrb;fc. 

MffcWlrtt, Gal4 7 7,5. F (pGal4-Lucif erase) **W#A3 

ftfc NIH3T3 mm\Z, HDART Gal4 DBD £<nm&? >/1^Rft5B 

SSTSGaU DBD-HDART ^7X5 KftSAMft^T (0, 0.1, 0.3, 0.5 
15 *ig) F7>X7i^ya>lL h5>X7i^Va >fcJBV>* h-* 

;|/DNA*ft*iAS7cfelc:, #*£>h^>*:7x^>3>{£&^TGal4 DBD 
®^^-ftfflV>Tfg5K^-©SftO. 5 jtzg KiJifi L fee h7>X7i7 

7— tffiH4) ftftffrbfc, §t>7°;KZ)jl''>7x7-lfStttt, £<ZK^*— © 
20 A bfcR©;i/ i/7x7 -iflgtt ft (100%) i UTffilEbfcltT^bfc 

(0 8) . fcis, «WrlS*tt3|iI©sJa»HS*o¥^^b, **PfiB£ftx 
^-A-K<J;D^b7c (0 8 A) o Sfc, Gal4 DBD-HDART (3IAS0 SfcteO. 5 
tfg) ftfflViTSiJ©«U-20S»fC^ViTt)l^1t©fP*fftffo 7c (0 8B) . 
HDART teNIH-3T3 tt^t*^§7 , D^-^gftMfe#6gt:f Ki8t« 
25 «fei«V>*& (0.5/ig) T?tt;V5/7x9—tf©»5lft 80*4TF3-£fc (0 8 A) . 

a<H©»*ttB-2os*jftT?t)W(Esn& (0 8B) . -ns^m^D, hdart^- 
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£fc> GAL4 DNAIS'&««*fefc^ViHDARTO»'&K:tt, ;^>7i7-M 
3!OTJ«£<^£ftft^o£ (IH^T) o COCitt, HDART^ftg#T^7° 

5 

&tt©£9Mffi& HAT (t*h>7-fe^JWfel*&) fc«k-5iSH4{b^«ttXHDAC 

X h >©7i:3^Wt©^K: J: DMIPSftW* C t*J«*$tiTViS. HDART 
10 *«jaEgT*»^?ail|i!l0^*r:XA*W63Wcr*fc»K:, £© HDART ©$SiB# 
HDAC <h©}g£ft«£^LT^£ft£fr^£ Flag-HDAC 56S^^^-*ffl 

M&S^-f^HDAC (1, 3, 4£&«6) £S8^M#* Flag-HDACs 38S^ 
^^-<hGFP-HDART^^^^-i:^«M2 tl^fC 293 h^>7,7 

Mfitt^SrirE Flag Jft#£-f h l/Tft*tCPI*ff o fc. ft|SttM<K) 

ftSDS-PAGBfcJ:0£«U ^Stbfc/^->S^>^U>fct6^ fit Flag K 

GFP-HDART^>A 0 ^«©^^?tl§-r^fe^{^ fcgit»tfr©#tt**£ 
20 TOc SDS-PAGE TfJRMU GFP fcW*m^tc%M7u yf^ >^£Hfrbfc 0 
09Afc£V>T, ±^^;i/tC^»M©GFP-HDART^>A°^M©%S 

»**3kU t^A 0 ^;i/«^WM^^FiagjrL^-e^yp^x^ 

fcJ&**iSU T^/U^M^W^^^GFP^-e^^o^x 
-f >^Lfc*SII£j*1\ HDAC©«S«0feO>&&0iie) : 1/->1 ; 
25 HDAC1, k->3 ; HDAC3, I/->4 ; HDAC4, l/->5 ;HDAC6T$>6o fc*, 
2 GFP -HDART ©*£5l^£l*&tf >:/;PT*S 0 
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m 9 A J; 5 Fl ag-HDAC mi^9 * - 1 GFP-HDART 5ffl1>7 ?-tifi 

T GFP-HDART ififh&ftMLtt ifflM Sttfc (T!ffl/Wk feiDl/->l, 
3,4, 5) . WiU FLAG-HDAC ##&T (Flag-HDACfBS^^-aUIJAS 

5 nw&^Jfc) Tftt, ia FLAG trLfl^iBbT*) GFP-HDART ©»&jl£tl&^ 
ofc (TW/WK l/->2) . IJoT, fci FLAG ffiftfc «k § GFP-HDART ©tt« 
tt, Flag-HDAC t GFP-HDART tCil^WltiSut^Stlfc. 
HDART te^-f ~? I (HDAC l£s<fc 1/3) 7° II (HDAC4 :fc«ktf 6) ©M^< 7© 

HDAC <h ffiSflUI T £ H t t> ^ $ nfc„ 

10 3 Sfc, HDART t HDAC 3 t©ISM&ffl5^H§ GST 7°)WVy&mz& DM 
^fco GST^;W^>«Wtt»»K:K»0*ffik:l£oT*SfiUfc (Tzamarias, 
D., and Struhl, K. (1995) Genes Dev 9(7), 821-31.) . TNT (SUSS) in 
vltro&Z-WRS'ZTJ* (Promega) SfflVi, 35 S -^ft->StTT 
HDAC3 0D/5 r///-<MMR*frofc. GST ^>A°^K^fetiGST-HDARTIil!-^^>A 0 

15 *ft*n*»W3T?»3l3tf, GST i'&iffi CSOmM hU^-HCK 

200mM LiCK 0.5% NP40, 5mM EDTA, lmM PMSF) «f> Wft>t7 7 0-^ 

88GST*>A^ff (»l/ig) fc 85 S-ttW«Wai/fl F/7/0»t*g«J (10/xl) 

20 "fe7Tn-X-GST^>/t^Ra^#*GSTilS^«««t 
T* 5 HHfelM/fc. GST * >/<#Kfc*&£b&* >A°^ Jt£ HryiHISIt h U 
A (SDS) ^tt>^H»Wt^$1i5^<!:faDiffiSt, SDS-#U 
T^U;l/T5 KW«^ilci!lfc«tO^«bfc. GST > A £ K# E« K« 

25 h 5 5?*^ 7 ^ <fc 0 3 5 S-Mili$ nfc HDAC bfc 0 

09B t^nTViS«k5fc» In vitro T$81R£*ifcHDAC3 14, GST 
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?>Mnt\m^ir7)V?v>2#zz.tWT%fcfroitifi* gst-hdart 
>w%*m^z>z. t \z& *) zfjiyvyznz zttimzntt (H9B) 0 

mrztcmz, mczmmmzmm-rzhv^xz^k (tsa) sstt, h 
MM4tmm\zcM v$-5>-mm*?ritz (sioc^M) . mu #n 

Jfi09Ttt, -£*©pcDNA3-HDART5SS^*- (Ug) £fflV> (010* 
THDART+j ) , £fc'J#>F (AIRA*fcttx*^^y» fcfcfc lOOnM TSA 

mioc DfeSTisic, u^>H©^-r«MJSi--5^o ; E-^^e>©'j^ 
nfc 0 $e.^hunx^^>A^ijn$n<5t, part fc«fc*5SS«nw*^^K: 

15 h'J£A (Buty) £«imb&#£fcfc«8Sft&. en HDARTfcJ:* 

[MM 8 ] HDART-Skip ffiS^ffl U #> m^MU^^~ 
(unliganded receptor) CDfblljtfPM 
20 RAR&cfc^TR in vivo (Baniahmad, A. , Kohne, A. C. , and Renkawitz, 
R. (1992) Eibo J 11(3), 1015-23) *5«ktf in vitro (Fondell, J. D. , Roy, A. 
L, and Roeder, R. G. (1993) Genes Dev 7 (7B) , 1400-10.) fc:ftV>TU#>F 

##ffiTT3ft^«ttft*aiwr«». z\oz.tfrt>. ztiztmrnm (active 

repression) iftbW*. Skip ttU^>H*tt#WfcNHR tffiHf^ffl 
25 (MacDonald, P. N. , Baudino, T. A, Tokumaru, H. , Dowd, D. R. , and 

Zhang, C. (2001) Steroids 66(3-5), 171-6.) = ^(Dtc®. £n&$fM3MM3 
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£tf Skip tVUmtotzW&z&Q, HDm-Skip«£fta*U#>F2]Mg£Sl'-fe 

■?%psm&tf™®.znt£ 0 znz*im&*mt>fr\zrz>rztf)\z, hdart©F5t 

> h*#7^ 7WZMmm%l2^ ^©» RAR 
5 W^fc. 2 D HDART N *3I© 40© TPR (N4TPR) 

Skip§££fg«&&7c^ £©«©fgW'l*l£ HDART t Skip t©M^ 
m±?Z> - £T HDART ©^Oii^lfLT K5T> h*#7V btil 
T3££^»2nfc7c#K #«MTttN4TPR * F5r> h*#x-f ^ffit 

io 293 jfflftK: Flag-Skip &&Zfi GFP GFP ^fW3n& N4TPR £ h 7 

trt Flag ft#T&-g»£-a:fc= frWRMm* SDS-PAGE±T#ItLfco ft 
&tfc»M©ft£«i HDART ©38«*»-r*fc«>fc, fc&tfcl$fl&©ffliai*ttiifct>R 
SDS-PAGE T#iitUfco ^«tH©7^->&^>^l»K:te¥Ufc. -^UT> 
15 Flag-Skip ©3&SfcWTttttFUGtt#£JflV», GFP &£tfGFP-N4TPR ©S&38K: 
O^TttStGFPKfrSrfflVi, 3££> ftft HDART ©SSSfcOWCttR HDART 

sffl^T, ^n^n^wufc (mi ia) 0 01 iaic^wt, t#©3 
^©/wwrau Jtn^n&mmznKL skip ct»±) , ^sttHDART (tot 

fcitf N4TPR (TSBT) &j*U ±&©-tt©/WI'te&, Mttll©^ 
20 044 HDART *>/^R03fiK*jS-r. 

ill lAK**nTViS«k"5fc, N4TPR ©SBSIfciU N4TPR £3$ELWfcVtf* 
83 (GFP ©3*, 1/->1) fcJt^T Skip £#ifclBL& HDART ©S£«<J>3tffc 

V->2) . N4TPR ©«Jf85ite> N4TPR<bSkip<h© 
ffiSflsfflj&fltJUU *ttJRbfcSkip©*S*l/<±#S1i:fc (W->2» lower 
25 bottom panel) „ □>hP-;P©^>/^SS (GFP) ©fg?ite HDART t Skip fc© 
ffi5ftUm::#LT#3«fca^fc (l/->l) o £©*§£«* N4TPR HDART \Z. 
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ftbciT Skip t mKfcm TZ> F5^> h W 7* >MW. t L Tf^ffl T 3 

^O^mz^X^m^m^tCo ££T«> GFP-N4TPR3§5|^*- 

5 (0, 0.3, 0.5wg) £ffl^7c££lt^T, ±fE«#I4 tfBfcbfc 
* -$P#r t IWIil ©7j «k D tft W L fee 
Jg&ttHllB, CfcjSLfcjUK >Jj?f>H*#flETT?N4TPR*WIRLT5BS 

10 hd J»$tfco N4TPR©^fciS^fgi!l/^-m G»A*0.5/ig) , >J# 
HDART # RAR ^JUp u)V^u-( H Uiz ^ -75; Efflft >U±7°#-(Dm 

15 mMM9] VJ-J-i ymn%\Z^mWL%%m^mW^ (rhabdomyosarcoma 
cell line) ®fi5ii&»K©$Mfc;£ HDART ©igfij^fcj; DPI* 
ATRA (All-trans retinoic acid) ft, MmmMftikOMmttmmMT'&Z Z\ 

«t»f>nTv^ (20-22) o t bnmmm&&MMwm-i-i9-? itmz^iE 

20 (c^HfcTSo ^l^^t>l/ir^-liSiaU^SjSlc^^§ HDART ©^g^W 

Miij^e-^i-s/tsM;:, atra ^.ts mm-i-19-p wimo^iuzn^x 
hdart mm^^Bm^mm L£ 0 

lOOmM h 'JJE±(c M-l-19-PffflKttx.^tt, Z\0)Mmz 0. 4/zg © pGFP 
^£^-£2 yg©pcDNA3 (£^^-) £.fc\$ pcDNA3-HDART (HDART %^Z> 
25 ?-) i:?:3h7>77x^y3>bfc= h7>X7i^ va >fr§ 2 4P#F^ 
Id, igit!j£ ATRA^T (2 mM) £fcm^#<»%iMfc%mt3cmLtco 4 8m 
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mmm&, mm^m^m^u^mm^rm^mmmm^tmtvrm^x, 
mi 2\z^x, gfp <D*&9w<D9mtomW(ii&nttrt*)VA* b, c, 

o^^-IAIS, (B) ATRAffla*oa^^^-*AIBIft, (C) ATM 
«P9 HDART (D) ATRA jfl8#0 HDART 3651^ 

MAII, (E) ±B (C) tm-m^MM. (F) _hSB (D) hn-$k 

#©tt£^-T. /^FTflt HfcfcfflKk GFP »tellBfi£*fo 

10 efi^W«5Mfc$nfc«BI»ft»T. (G) tf?7\$. GFPPIWBS^^M 

fiiSX7-/\-^$nt^5 (£^^-56^ ATRA (+) t HDART »S 
^^-t0f B 1-eP<l%, Xfa-f>h®tfXh) , 

&mmz&^T. GFPittiW3 0~7 0tgofc. a^^^-s»Ai 
1 5 atra sm u feiffliMTis, gfp m'&vmmmt ATRA ©ffl]fi*te8Ml0fcJ& 3 0 % 

*#5T&ofcfr\ HDART 5§^^^-**Abfe«HJfiT?tt, ATRAMi¥, 

mm<Dmmxm^n^^izmum\z^itvrc (012B, mi2G) . s 

20 ®^^^IASnfc«T?lt ATRAffiSfcJ;*«Ba!o*ft©S*tt(iFP 
»*5ctI>mttMJfe©^T^-Tfeofeo HDART *«#A$n 

GFP llMte«ATRAM^ff•^T i feS^©»^i^5i^H^Vi 
ifi (Hi 2D4>Hfi£EP, 01 2G) > -*<D GFP ttttMBnrttfl**W3&»«* 
E*»J&#«*;5n& (EH2F4 , e^^P) o £©i§fllte, HDART ©3SK**l/ 

*HS*rfc*HT HDART fr'RAR K«fc-5te¥fiH4^b*aift!ltfcilS*t-ar*. £ 
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n e> <D^mt hdart < t j < >m v-t -/?-\z& vz> 
5 ±$b£iiD, ^mwcDfa^-mmmj-iz, swmzmwzmw, mz, 

<D&Dtzimu, \mn v -t - ©te^/cii swe a l t v > & « \z mm v 

15 mZ J &2>r£#>izm^Z>z.ttfT:%Z>o £©F$^>h*#x.r7^:^Ffc£fc, 

^^-(D^^mmntLx^y^-^^tu^o mz, hdart ©n*s 

#J©40©TPR (N4TPR) ATRA ^JtbTl/^V-f >^l/-t^-©te«tt 

lis atra tfm^znx^&m&fem (mz.& m&mmvft 

20 {bt£««£&a ££^T> Km\zR&Xl£tc\ZhTM 't&\Z^7^P$:%m 

mtLxfomhmzo 
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(A) mmtt2\zW&<D7* ;nmm&tt&*>Kt?n&n-\*\,tt DNA. 

5 

(B) @B»# 1 fclHRCDSXEaWSfc* DNAo 

(A) £$|#*2 (d|Bic©y ^ 7 »EWIC*V»T 1 < «»©T5 7 

10 A2K&3-KL&DNA, mit\t 

(B) SB^fJ#-t 1 fclB«0*ft£ffi?U>&> 5fc<5 DNA £X h U > hfc&#T 
T;W7*U^XT§DNA 0 

3 . W^gt l 2 DNA K^tifcte^WWH?. 

15 mmm^ 

5. te¥^ffitt^b#^^y^F^n-HLrcDNAT^.^T, 

(A) iB*iJ#-^2K£>tt3 lfrS 179{i©T5yMiB^6^-5^7°5 1 H^n 
-FLfcDNA, %fc\$ 

(B) E^iJ#-t 1 1^6. 537 m.M&T*<DmmZF\fr DNAo 
20 6. fe^^ttibUt-S^^F^zi-FU/tDNAT^oT, 

(A) @B»#2fC43^§l^S 179ft©7S/M@EWC&^T13glXM 
$t©75/i^g^ SA£cktf/3;£«#;&n£ft£:7$/M@e 
^J^WTS^y^ F&3 — F Lfc DNA, £fctt 

(B) mpmmiz&nz 1 537ms^T'©^sia^e,^-5 dna f 

25 U >v^x > F fti#TtA-f y U ^ XT5 DNAo 

7 . fjt^gf 5 £tz\$ 6 KiBii© DNA t;n<£ X> 3— F £ftfc3fc^«M^7 0 ^ F= 
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8. 2, 5£tz\$6<D\,*1fnfr\zmWi<DWh<D5%, 'Pfc<tbl 

5*2 V-XJ- DNA 

" o 

5 io. K^ei, 2. s &tc\t 6 (D^tnMztmvwhtfcmmm 9 \zmm 

n. m^m3\zmm(Dm^rcum^m7izmm(D^y^^izm^L^m^ 
12. RiQi, 2, 5 s « 6 © v^rn^ \zmwt<D dna i;\-r y-Y x l , 

10 i3. (a) - (d) o^fn^^s^^ntii. 

(A) M»l 21cfS«©^U^^l/^Hyp-y 

(B) »5f<«3^fe«4Hf2m©te«$fJ@T> t)L<«^S : ?©^^75 L F 
(0 Mfjfc® 7 ICfSao^Stt^^^ H\ b < H o^^y? 

F 

15 (d> tmrni nztmotrifc 
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02 



Score = 75.5 bits (184), Expect = 3e-12 

Identities = 134/589 (22%), Positives = 228/589 (37%), Gaps = 127/589 (21%) 

HDART: 262 LADYYIRSGHFEKARDVYEEAIRTVMTVROFTQVFDSYAQFEESMIAAKMETASELGREE 321 

L DY +R R +E+ IR TV + YAQ+EESf +++ A + 
CRN : 208 LNDYKLRK RKTFEDNIRKNRTV-— ISMWIKYAQWEESL— KEIQRARSIYERA 256 

HDART: 322 ED DVDLELRLARFE QLISRRPLLLNSVLLRQNPHHVHE1HKRVALHQGRPRE 373 

D ++ L L+ A E 0+ R + ++ P K+K + E 
CRN : 257 LDVDYRNnLllllOfAEMEMKNRQVNHARNIIIIDRAnTL - -PRVNQFWYKYTYME E 309 

HDART: 374 IINTYTEAVQTVDPFKATGKPHTLWAFAKREMteQLDDARVILEKATKVNFK^ 433 

++ A Q + + W ++ F -h-D AR I E+ F V 
CRN : 310 MLGNVAC^RQVFERI«MEWQPEE<^II(HSYINFELRYKEVDRARTIYER FVLVHPDV 364 

HDART: 434 SVWCQCGELELRHENYDEALRLLRKATALPARRAEYFIX5EF7QNRVYKSLKVWSMUDL 493 

II + E +H + A ++ +A E+F G E + +Y + A 
CRN : 365 KNWIKYARFEEKHAYFAHARKVYERAV EFF-GDEHMDEHLYVAF AKF 410 

HDART: 494 EESLGTFQSTKAVYDRILDLRIA— TPQIVINYAMFLEEHKY -— 533 

EE+ F+ + +Y LD RI+ ++ NY +F E K+ 
CRN : 411 EEI^EFERVRVIYiaALD-IUSK(PQELFKNYnF--EKKFGDRRGIEDIIVSKRRFQ 467 

HDART: 534 FEESFKA— YERGISLFKHPNVSDIHSTYLTKFI - 565 

+EE KA YER 1+ H Y+ +1 

CRN : 468 YEEEVKANPHNYDAWFDYLRLVESDAEAEAVREVYERAIANVP^ 527 

HDART: 566 ARYGGRKLERARDLFEQ^LDGCPPK— YAKTLYLLYAOJ.E— EEWGLARHAMAV 615 

+ ER R +++ +L+ P K +AK +++LYAQ E + LAR A+ 
CRN : 528 YALYEELFJ^KDPERTR^SLELIPHKKFTFAK-MIIILYAQFEIRQKNLSLARRALGT 586 

HDART: 616 YERATRAVEPA(^DMFNIYIKRMEIYGVTHTRGIYOJ(AIEVLSDEHAREMC — LRFA 672 

++ + +F +YI+ ++ R +Y+K +E E C ++FA 

CRN : 587 SIGKCPKNKLFKVYIELELQLREFDRCRKLYEKFLEF GPENCTSWIKFA 635 

HDART: 673 DMECKLGEIDRARAIYSFCSQICDPR-'nC^fW^DFEVRHGNEDTIKEMLRIRRSV 730 

++E LG+IDRARAIY I PR W+++ DFE+ E+T + RR + 
CRN : 636 ELFriLGDIl)MRAnEU--IS(mi^ 691 

HDART: 731 $TYNT(PF!tomKVSGSAT<^SDUW 779 

Q T + +V +Q SG + W+ E++ E+L 

CRN : 692 QRTQHVKVTIISFAQFELSSGKEGSLTKCRQIYEEANKTMRNCEEKEERI 740 
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03 

, dmCRN 

1 huCRN 

I ceCRN 

I spCRN(CWF4) 

I scCRN(SYF3/CLFl) 

. mmHDART 
I I hpHDART(XAB2) 

I drHDART 

I ceHDART 

i spHDART 

scHDART(SYFl) 
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5/1 2 



skip ML 



Gal4AD 
1 



Ai 55C 



l 



A2 SSL 



A3 i 

A4 

A5 

A6 

A7 
Gal4AD S 



B 



HDART 



97 



SBC 



97 



220 



388 



119 



387 



220 



119 



Beta-Gal 
(HDART 
438 536 fcSftffl) 
I I + + + 



TA 



437 



536 



+ 
+ 

+ 

+ + + 



536 



: ++ 
++ 



438 536 




Beta-Gal 
l! (SkipffiSfEffl) 



855 



240 



J + + 



+ + + 



241 



855 



Gal4DBDH 

OH 
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6 

A 



B 



6/1 2 
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7/1 2 



A 



a- 

HDART 



B 



GFP- 
HDART 

GFP- 
Mock 



DAPI 




GFP 




Hoechst 
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9/1 2 



A 
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<210> 1 
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<212> DNA 

<213> Homo sapiens 
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<221> CDS 
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<222> (37).. (2601) 
<400> 1 

agcgcgcgac tctcctgtac ctgggcatcc agaaaa atg gtg gtg atg gcg cga 54 

Met Val Val Met Ala Arg 
1 5 

ctt teg egg ccc gag egg ccg gac ctt gtc ttc gag gaa gag gac etc 102 

Leu Ser Arg Pro Glu Arg Pro Asp Leu Val Phe Glu Glu Glu Asp Leu 
10 15 20 

ccc tat gag gag gaa ate atg egg aac caa ttc tct gtc aaa tgc tgg 150 

Pro Tyr Glu Glu Glu He Met Arg Asn Gin Phe Ser Val Lys Cys Trp 
25 30 35 

ctt cgc tac ate gag ttc aaa cag ggc gee ccg aag ccc agg etc aat 198 

Leu Arg Tyr He Glu Phe Lys Gin Gly Ala Pro Lys Pro Arg Leu Asn 
40 45 50 

cag eta tac gag egg gca etc aag ctg ctg ccc tgc age tac aaa etc 246 

Gin Leu Tyr Glu Arg Ala Leu Lys Leu Leu Pro Cys Ser Tyr Lys Leu 
55 60 65 70 

tgg tac cga tac ctg aag gcg cgt egg gca cag gtg aag cat cgc tgt 294 

Trp Tyr Arg Tyr Leu Lys Ala Arg Arg Ala Gin Val Lys His Arg Cys 
75 80 85 
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gtg acc gac cct gcc tat gaa gat gtc aac aac tgt cat gag agg gcc 342 
Val Thr Asp Pro Ala Tyr Glu Asp Val Asn Asn Cys His Glu Arg Ala 
90 95 100 

ttt gtg ttc atg cac aag atg cct cgt ctg tgg eta gat tac tgc cag 390 
Phe Val Phe Met His Lys Met Pro Arg Leu Trp Leu Asp Tyr Cys Gin 
105 110 115 

ttc etc atg gac cag ggg cgc gtc aca cac acc cgc cgc acc ttc gac 438 
Phe Leu Met Asp Gin Gly Arg Val Thr His Thr Arg Arg Thr Phe Asp 
120 125 130 

cgt gcc etc egg gca ctg ccc ate acg cag cac tct cga att tgg ccc 486 
Arg Ala Leu Arg Ala Leu Pro He Thr Gin His Ser Arg He Trp Pro 
135 140 145 150 

ctg tat ctg cgc ttc ctg cgc tea cac cca ctg cct gag aca get gtg 534 
Leu Tyr Leu Arg Phe Leu Arg Ser His Pro Leu Pro Glu Thr Ala Val 
155 160 165 

cga ggc tat egg cgc ttc etc aag ctg agt cct gag agt gca gag gag 582 
Arg Gly Tyr Arg Arg Phe Leu Lys Leu Ser Pro Glu Ser Ala Glu Glu 
170 175 180 

tac att gag tac etc aag tea agt gac egg ctg gat gag gcc gcc cag 630 
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Tyr He Glu Tyr Leu Lys Ser Ser Asp Arg Leu Asp Glu Ala Ala Gin 
185 190 195 

cgc ctg gcc acc gtg gtg aac gac gag cgt ttc gtg tct aag gcc ggc 678 
Arg Leu Ala Thr Val Val Asn Asp Glu Arg Phe Val Ser Lys Ala Gly 
200 205 210 

aag tec aac tac cag ctg tgg cac gag ctg tgc gac etc ate tec cag 726 
Lys Ser Asn Tyr Gin Leu Trp His Glu Leu Cys Asp Leu He Ser Gin 
215 220 225 230 

aat ccg gac aag gta cag tec etc aat gtg gac gcc ate ate cgc ggg 774 
,Asn Pro Asp Lys Val Gin Ser Leu Asn Val Asp Ala lie He Arg Gly 
235 240 245 

ggc etc acc cgc ttc acc gac cag ctg ggc aag etc tgg tgt tct etc 822 
Gly Leu Thr Arg Phe Thr Asp Gin Leu Gly Lys Leu Trp Cys Ser Leu 
250 255 260 

gcc gac tac tac ate cgc age ggc cat ttc gag aag get egg gac gtg 870 
Ala Asp Tyr Tyr He Arg Ser Gly His Phe Glu Lys Ala Arg Asp Val 
265 270 275 

tac gag gag gcc ate egg aca gtg atg acc gtg egg gac ttc aca cag 918 
Tyr Glu Glu Ala He Arg Thr Val Met Thr Val Arg Asp Phe Thr Gin 
280 285 290 
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gtg ttt gac age tac gec cag ttc gag gag age atg ate get gca aag 966 
Val Phe Asp Ser Tyr Ala Gin Phe Glu Glu Ser Met He Ala Ala Lys 
295 300 305 310 

atg gag ace gee teg gag ctg ggg cgc gag gag gag gat gat gtg gac 1014 
Met Glu Thr Ala Ser Glu Leu Gly Arg Glu Glu Glu Asp Asp Val Asp 
315 320 325 

ctg gag ctg cgc ctg gec cgc ttc gag cag etc ate age egg egg ccc 1062 
Leu Glu Leu Arg Leu Ala Arg Phe Glu Gin Leu lie Ser Arg Arg Pro 
330 335 340 

ctg etc etc aac age gtc ttg ctg cgc caa aac cca cac cac gtg cac 1110 
Leu Leu Leu Asn Ser Val Leu Leu Arg Gin Asn Pro His His Val His 
345 350 355 

gag tgg cac aag cgt gtc gec ctg cac cag ggc cgc ccc egg gag ate 1158 
Glu Trp His Lys Arg Val Ala Leu His Gin Gly Arg Pro Arg Glu He 
360 365 370 



ate aac acc tac aca gag get gtg cag acg gtg gac ccc ttc aag gec 
He Asn Thr Tyr Thr Glu Ala Val Gin Thr Val Asp Pro Phe Lys Ala 
375 380 385 390 



1206 



aca ggc aag ccc cac act ctg tgg gtg gcg ttt gec aag ttt tat gag 



1254 
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Thr Gly Lys Pro His Thr Leu Trp Val Ala Phe Ala Lys Phe Tyr Glu 
395 400 405 

gac aac gga cag ctg gac gat gcc cgt gtc ate ctg gag aag gec acc 1302 
Asp Asn Gly Gin Leu Asp Asp Ala Arg Val lie Leu Glu Lys Ala Thr 
410 415 420 

aag gtg aac ttc aag cag gtg gat gac ctg gca age gtg tgg tgt cag 1350 
Lys Val Asn Phe Lys Gin Val Asp Asp Leu Ala Ser Val Trp Cys Gin 
425 430 435 

tgc gga gag ctg gag etc cga cac gag aac tac gat gag gcc ttg egg 1398 
Cys Gly Glu Leu Glu Leu Arg His Glu Asn Tyr Asp Glu Ala Leu Arg 
440 445 450 

ctg ctg cga aag gcc acg gcg ctg cct gcc cgc egg gcc gag tac ttt 1446 
Leu Leu Arg Lys Ala Thr Ala Leu Pro Ala Arg Arg Ala Glu Tyr Phe 
455 460 465 470 



gat ggt tea gag ccc gtg cag aac cgc gtg tac aag tea ctg aag gtc 1494 
Asp Gly Ser Glu Pro Val Gin Asn Arg Val Tyr Lys Ser Leu Lys Val 
475 480 485 



tgg tec atg etc gcc gac ctg gag gag age etc ggc acc ttc cag tec 
Trp Ser Met Leu Ala Asp Leu Glu Glu Ser Leu Gly Thr Phe Gin Ser 
490 495 500 



1542 
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acc aag gcc gtg tac gac cgc ate ctg gac ctg cgt ate gca aca ccc 1590 
Thr Lys Ala Val Tyr Asp Arg He Leu Asp Leu Arg He Ala Thr Pro 
505 510 515 

cag ate gtc ate aac tat gcc atg ttc ctg gag gag cac aag tac ttc 1638 
Gin lie Val He Asn Tyr Ala Met Phe Leu Glu Glu His Lys Tyr Phe 
520 525 530 

gag gag age ttc aag gcg tac gag cgc ggc ate teg ctg ttc aag tgg 1686 
Glu Glu Ser Phe Lys Ala Tyr Glu Arg Gly He Ser Leu Phe Lys Trp 
535 540 545 550 

ccc aac gtg tec gac ate tgg age acc tac ctg acc aaa ttc att gcc 1734 
Pro Asn Val Ser Asp He Trp Ser Thr Tyr Leu Thr Lys Phe He Ala 
555 560 565 

cgc tat ggg ggc cgc aag ctg gag egg gca egg gac ctg ttt gaa cag 1782 
Arg Tyr Gly Gly Arg Lys Leu Glu Arg Ala Arg Asp Leu Phe Glu Gin 
570 575 580 

get ctg gac ggc tgc ccc cca aaa tat gcc aag acc ttg tac ctg ctg 1830 
Ala Leu Asp Gly Cys Pro Pro Lys Tyr Ala Lys Thr Leu Tyr Leu Leu 
585 590 595 

tac gca cag ctg gag gag gag tgg ggc ctg gcc egg cat gcc atg gcc 1878 
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Tyr Ala Gin Leu Glu Glu Glu Trp Gly Leu Ala Arg His Ala Met Ala 
600 605 610 



gtg tac gag cgt gcc acc agg gcc gtg gag ccc gcc cag cag tat gac 1926 
Val Tyr Glu Arg Ala Thr Arg Ala Val Glu Pro Ala Gin Gin Tyr Asp 
615 620 625 630 

atg ttc aac ate tac ate aag egg gcg gcc gag ate tat ggg gtc acc " 1974 
Met Phe Asn He Tyr He Lys Arg Ala Ala Glu He Tyr Gly Val Thr 
635 640 645 



cac acc cgc ggc ate tac cag aag gcc att gag gtg ctg teg gac gag 2022 
His Thr Arg Gly He Tyr Gin Lys Ala He Glu Val Leu Ser Asp Glu 
650 655 660 



cac gcg cgt gag atg tgc ctg egg ttt gca gac atg gag tgc aag etc 2070 
His Ala Arg Glu Met Cys Leu Arg Phe Ala Asp Met Glu Cys Lys Leu 
665 670 675 

ggg gag att gac cgc gcc egg gcc ate tac age ttc tgc tec cag ate 2118 
Gly Glu He Asp Arg Ala Arg Ala He Tyr Ser Phe Cys Ser Gin He 
680 685 690 

tgt gac ccc egg acg acc ggc gcg ttc tgg cag acg tgg aag gac ttt 2166 
Cys Asp Pro Arg Thr Thr Gly Ala Phe Trp Gin Thr Trp Lys Asp Phe 
695 700 705 710 
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gag gtc egg cat ggc aat gag gac acc ate aag gaa atg ctg cgt ate 2214 
Glu Val Arg His Gly Asn Glu Asp Thr He Lys Glu Met Leu Arg He 
715 720 725 

egg cgc age gtg cag gee acg tac aac acg cag gtc aac ttc atg gec 2262 
Arg Arg Ser Val Gin Ala Thr Tyr Asn Thr Gin Val Asn Phe Met Ala 
730 735 740 

teg cag atg etc aag gtc teg ggc agt gec acg ggc acc gtg tct gac 2310 
Ser Gin Met Leu Lys Val Ser Gly Ser Ala Thr Gly Thr Val Ser Asp 
745 750 755 

ctg gec cct ggg cag agt ggc atg gac gac atg aag ctg ctg gaa cag 2358 
Leu Ala Pro Gly Gin Ser Gly Met Asp Asp Met Lys Leu Leu Glu Gin 
760 765 770 

egg gca gag cag ctg gcg get gag gcg gag cgt gac cag ccc ttg cgc 2406 
Arg Ala Glu Gin Leu Ala Ala Glu Ala Glu Arg Asp Gin Pro Leu Arg 
775 780 785 790 

gee cag age aag ate ctg ttc gtg agg agt gac gec tec egg gag gag 2454 
Ala Gin Ser Lys lie Leu Phe Val Arg Ser Asp Ala Ser Arg Glu Glu 
795 800 805 

ctg gca gag ctg gca cag cag gtc aac ccc gag gag ate cag ctg ggc 2502 
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Leu Ala Glu Leu Ala Gin Gin Val Asn Pro Glu Glu He Gin Leu Gly 
810 815 820 

gag gac gag gac gag gac gag atg gac ctg gag ccc aac gag gtt egg 2550 
Glu Asp Glu Asp Glu Asp Glu Met Asp Leu Glu Pro Asn Glu Val Arg 
825 830 835 

ctg gag cag cag age gtg cca gec gca gtg ttt ggg age ctg aag gaa 2598 
Leu Glu Gin Gin Ser Val Pro Ala Ala Val Phe Gly Ser Leu Lys Glu 
840 845 850 

gac tgacccgtcc ctcccccatc ccccctcccc accccctccc caatacagct 2651 

Asp 

855 

acgtttgtac aaaaaaaaaa aaaaaaaaaa aaa 2684 



<210> 2 
<211> 855 
<212> PRT 

<213> Homo sapiens 



<400> 2 

Met Val Val Met Ala Arg Leu Ser Arg Pro Glu Arg Pro Asp Leu Val 
1 5 10 15 
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Phe Glu Glu Glu Asp Leu Pro Tyr Glu Glu Glu He Met Arg Asn Gin 
20 25 30 

Phe Ser Val Lys Cys Trp Leu Arg Tyr He Glu Phe Lys Gin Gly Ala 
35 40 45 

Pro Lys Pro Arg Leu Asn Gin Leu Tyr Glu Arg Ala Leu Lys Leu Leu 
50 55 60 



Pro Cys Ser Tyr Lys Leu Trp Tyr Arg Tyr Leu Lys Ala Arg Arg Ala 

75 80 



65 



70 



Gin Val Lys His Arg Cys Val Thr Asp Pro Ala Tyr Glu Asp Val Asn 
85 90 95 

Asn Cys His Glu Arg Ala Phe Val Phe Met His Lys Met Pro Arg Leu 
100 105 HO 

Trp Leu Asp Tyr Cys Gin Phe Leu Met Asp Gin Gly Arg Val Thr His 
115 120 I 25 

Thr Arg Arg Thr Phe Asp Arg Ala Leu Arg Ala Leu Pro He Thr Gin 
130 135 140 



His Ser Arg He Trp Pro Leu Tyr Leu Arg Phe Leu Arg Ser His Pro 
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145 150 155 160 

Leu Pro Glu Thr Ala Val Arg Gly Tyr Arg Arg Phe Leu Lys Leu Ser 
165 170 175 

Pro Glu Ser Ala Glu Glu Tyr He Glu Tyr Leu Lys Ser Ser Asp Arg 
180 185 . 190 

Leu Asp Glu Ala Ala Gin Arg Leu Ala Thr Val Val Asn Asp Glu Arg 
195 200 205 

Phe Val Ser Lys Ala Gly Lys Ser Asn Tyr Gin Leu Trp His Glu Leu 
210 215 220 

Cys Asp Leu He Ser Gin Asn Pro Asp Lys Val Gin Ser Leu Asn Val 
225 230 235 v 240 

Asp Ala He He Arg Gly Gly Leu Thr Arg Phe Thr Asp Gin Leu Gly 
245 250 255 

Lys Leu Trp Cys Ser Leu Ala Asp Tyr Tyr lie Arg Ser Gly His Phe 
260 265 270 

Glu Lys Ala Arg Asp Val Tyr Glu Glu Ala He Arg Thr Val Met Thr 
275 280 285 
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Val Arg Asp Phe Thr Gin Val Phe Asp Ser Tyr Ala Gin Phe Glu Glu 
290 295 300 

Ser Met He Ala Ala Lys Met Glu Thr Ala Ser Glu Leu Gly Arg Glu 
305 310 315 320 

Glu Glu Asp Asp Val Asp Leu Glu Leu Arg Leu Ala Arg Phe Glu Gin 
325 330 335 

Leu He Ser Arg Arg Pro Leu Leu Leu Asn Ser Val Leu Leu Arg Gin 
340 345 350 

Asn Pro His His Val His Glu Trp His Lys Arg Val Ala Leu His Gin 
355 360 365 

Gly Arg Pro Arg Glu He He Asn Thr Tyf Thr Glu Ala Val Gin Thr 
370 375 380 

Val Asp Pro Phe Lys Ala Thr Gly Lys Pro His Thr Leu Trp Val Ala 
385 390 395 400 

Phe Ala Lys Phe Tyr Glu Asp Asn Gly Gin Leu Asp Asp Ala Arg Val 
405 410 415 



He Leu Glu Lys Ala Thr Lys Val Asn Phe Lys Gin Val Asp Asp Leu 
420 425 430 
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Ala Ser Val Trp Cys Gin Cys Gly Glu Leu Glu Leu Arg His Glu Asn 
435 440 445 

Tyr Asp Glu Ala Leu Arg Leu Leu Arg Lys Ala Thr Ala Leu Pro Ala 
450 455 460 

Arg Arg Ala Glu Tyr Phe Asp Gly Ser Glu Pro Val Gin Asn Arg Val 
465 470 ^ 475 480 

Tyr Lys Ser Leu Lys Val Trp Ser Met Leu Ala Asp Leu Glu Glu Ser 
485 490 495 

Leu Gly Thr Phe Gin Ser Thr Lys Ala Val Tyr Asp Arg He Leu Asp 
500 505 510 

Leu Arg He Ala Thr Pro Gin He Val He Asn Tyr Ala Met Phe Leu 
515 520 525 

Glu Glu His Lys Tyr Phe Glu Glu Ser Phe Lys Ala Tyr Glu Arg Gly 
530 535 540 

He Ser Leu Phe Lys Trp Pro Asn Val Ser Asp He Trp Ser Thr Tyr 
545 550 555 560 

Leu Thr Lys Phe He Ala Arg Tyr Gly Gly Arg Lys Leu Glu Arg Ala 
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565 570 575 

Arg Asp Leu Phe Glu Gin Ala Leu Asp Gly Cys Pro Pro Lys Tyr Ala 
580 585 590 

Lys Thr Leu Tyr Leu Leu Tyr Ala Gin Leu Glu Glu Glu Trp Gly Leu 
595 600 605 

Ala Arg His Ala Met Ala Val Tyr Glu Arg Ala Thr Arg Ala Val Glu 
610 615 620 

Pro Ala Gin Gin Tyr Asp Met Phe Asn He Tyr He Lys Arg Ala Ala 
625 630 635 640 

Glu lie Tyr Gly Val Thr His Thr Arg Gly He Tyr Gin Lys Ala lie 
645 650 655 

Glu Val Leu Ser Asp Glu His Ala Arg Glu Met Cys Leu Arg. Phe Ala 
660 665 670 

Asp Met Glu Cys Lys Leu Gly Glu He Asp Arg Ala Arg Ala He Tyr 
675 680 685 

Ser Phe Cys Ser Gin He Cys Asp Pro Arg Thr Thr Gly Ala Phe Trp 
690 695 700 
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Gin Thr Trp Lys Asp Phe Glu Val Arg His Gly Asn Glu Asp Thr He 
705 710 715 720 

Lys Glu Met Leu Arg He Arg Arg Ser Val Gin Ala Thr Tyr Asn Thr 
725 730 735 

Gin Val Asn Phe Met Ala Ser Gin Met Leu Lys Val Ser Gly Ser Ala 
740 745 750 

Thr Gly Thr Val Ser Asp Leu Ala Pro Gly Gin Ser Gly Met Asp Asp 
755 760 765 

Met Lys Leu Leu Glu Gin Arg Ala Glu Gin Leu Ala Ala Glu Ala Glu 
770 775 , 780 

Arg Asp Gin Pro Leu Arg Ala Gin Ser Lys He Leu Phe Val Arg Ser 
785 790 795 800 

Asp Ala Ser Arg Glu Glu Leu Ala Glu Leu Ala Gin Gin Val Asn Pro 
805 810 815 

Glu Glu He Gin Leu Gly Glu Asp Glu Asp Glu Asp Glu Met Asp Leu 
820 825 830 



Glu Pro Asn Glu Val Arg Leu Glu Gin Gin Ser Val Pro Ala Ala Val 
835 840 845 
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Phe Gly Ser Leu Lys Glu Asp 
850 855 
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